Insertion of a reversible redox switch into a rare-cutting DNA endonuclease.
Target sites for homing endonucleases occur infrequently in complex genomes. As a consequence, these enzymes can be used in mammalian systems to introduce double-strand breaks at recognition sites inserted within defined loci to study DNA repair by homologous and nonhomologous recombination. Using homing endonucleases for gene targeting in vivo would be more feasible if temporal or spatial regulation of their enzymatic activity were possible. Here, we show that the DNA cleavage activity of the yeast PI-SceI homing endonuclease can be turned on and off using a redox switch. Two cysteine pairs (Cys-64/Cys-344 and Cys-67/Cys-365) were separately inserted into flexible DNA binding loop(s) to create disulfide bonds that lock the endonuclease into a nonproductive conformation. The cleavage activities of the reduced Cys-64/Cys-344 and Cys-67/Cys-365 variants are similar or slightly lower than that of the control protein, but the activities of the proteins in the oxidized state are decreased more than 30-fold. Modulating the activity of the proteins is easily accomplished by adding or removing the reducing agent. We show that defects in DNA binding account for the decreased DNA cleavage activities of the proteins containing disulfide bonds. Interestingly, the Cys-67/Cys-365 variant toggles between two different DNA binding conformations under reducing and oxidizing conditions, which may permit the identification of structural differences between the two states. These studies demonstrate that homing endonuclease activity can be controlled using a molecular switch.